The competition of charge, orbital, and ferromagnetic interactions in layered manganites is investigated by magneto-Raman scattering spectroscopy.
Quantum criticality, driven by competing electronic ground states, can lead to dramatic tunability of the physical properties of strongly-correlated condensed-matter systems [1, 2] .
A current case of great interest is the role of collective excitations in the phenomenon of "colossal" magnetoresistance (CMR) in manganites. These excitations represent the various interactions involving the electrons in the Mn d orbitals [3] . Charge ordering (CO), where the Mn 3+ /Mn 4+ ions form an ordered sublattice, occurs because the large on-site Coulomb repulsion forbids the double-occupancy of the e g orbitals. Orbital ordering (OO) of the Mn 3+ e g electron orbitals results from a cooperative Jahn-Teller (JT) distortion induced by electron-phonon interactions. Antiferromagnetism is associated with the superexchange coupling of the t 2g electron spins. The ferromagnetic-metal (FM) ground state is attributed to Mn 3+ -O-Mn 4+ double-exchange, a consequence of strong Hund's coupling in which parallel spin alignment favors electron hopping between neighboring Mn atoms. The CMR effect is observed in ferromagnetic metals as a large decrease in their electrical resistance near the Curie temperature (T C ) upon application of a magnetic field (H) [4] . There is a growing realization that the interplay of these collective excitations is responsible for the sensitivity of this phenomenon to external perturbations [5] .
A preponderance of evidence points to the coexistence of the different electronic phases in the pseudocubic manganites. Thermopower measurements have shown that the entropy for T ≫ T C is smaller than that of an uncorrelated insulator [6] . This agrees with a recent x-ray diffuse scattering study [7] that finds the JT polarons in the paramagnetic state are correlated. The observation of Mn 3+ /Mn 4+ striped phases [8] suggests that the correlation is related to charge and orbital ordering. Charge-order insulator compounds exhibit a transition to the FM phase above an H that is small compared to the charge ordering transition temperature (T co ) i.e., gµ B H ≪ k B T co [9] , indicating a small free energy separates these two ground states. This could lead to charge ordering persisting with the ferromagnetic double-exchange correlations below T C . Evidence for such coexistence was reported in earlier infrared studies [10, 11] which estimate the itinerant carrier effective mass as m * /m e ≈ 13 [10] or 80 [11] . These are anomalously much larger than m * ≈ 2.5m e , the value from specific heat [12] . Within the charge ordering scenario, the difference can be reconciled by a charge-density wave opening a partial gap at the Fermi level (E F ) below T C , suppressing both the Drude spectral weight and the density of states at E F . Consequently, the optical mass increases while the specific heat mass decreases. However, a recent work [13] has shown that the Drude weights were significantly underestimated in the bulk optical studies [10, 11] . Measurements on thin films of optimally doped compounds yielded m * /m e ≈ 3 − 4, comparable to the specific heat mass [13] . This result rules out the presence of strong charge-order correlations in the FM state of the pseudocubic compounds [13] .
In this work, we investigate the competition of the collective ground state excitations in the layered manganites. The effects of competing ground states should be more pronounced in these two-dimensional (2D) systems since the propensity towards a quantum critical point is exacerbated in lower dimensions [1, 2] . Indeed, the CMR effect is enhanced in the quasi-2D manganites [14] . We demonstrate that the CMR phenomenon in these compounds results from the interplay of orbital and ferromagnetic double-exchange correlations. In contrast with the pseudocubic materials, we find evidence in the layered manganites for an unusual quasiparticle dynamics in the FM state arising from strong inelastic scattering by chargeorder fluctuations.
Our investigation was carried out on single-crystals of the double-layer manganites
with the cations R = La or Nd and for doping x = 0.4 or 0.5. These crystals consist of MnO 2 bilayers separated by insulating (R,Sr) 2 O 2 sheets, a quasi-2D structure responsible for their anisotropic transport and magnetic properties [14, 15] and a two-fold symmetric out-of-phase motion comprising the B 1g phonon at 325 cm −1 .
In the charge-ordered state (T < T co ), new peaks marked by the arrows in Fig. 1B for T = 5 K emerge in the x ′ x ′ and x ′ y ′ spectra but not in zz. Fig. 1C Fig. 1B and it does not correspond to the strong peak at 495 cm −1 in LaMnO 3 in Fig. 2 ). In previous works, the magnetic field-induced melting of the charge-order ground state was inferred only indirectly from the observation of an antiferromagnetic-insulator to ferromagnetic-metal transition in transport and magnetization studies [9] . Direct structural evidence for this effect is given in Fig. 1B showing In the xx (⇒ A 1g + B 1g ) spectra in Fig. 3 , the CO induced Mn peak is at 240 cm (Fig. 3A) or upon raising H at T T C ( Fig.   3B and C), Im χ(ω, T ) is suppressed below ω ≃ 300 cm −1 . While the pseudocubic manganites manifest a similar featureless Im χ(ω, T ) in the FM state, the low-frequency suppression is not observed [21] . This difference is attributed to an effect of the lower dimensionality in the layered compounds. It signals a strong inelastic scattering by persistent CO fluctuations that develop into a collective charge-density wave excitation below T C . This picture is also suggested by other studies. Optical conductivity [22] betrays a small Drude contribution implying an optical mass that is much larger than that derived by a specific heat study [23] . These are indicative of a charge-density wave pseudogap opening at E F , in accord with the severe depression of the quasiparticle states at E F revealed by an angle-resolved photoemission study [24] and suggested by the re-entrant insulating state below T ≃ 50 K invariably seen in transport measurements [14, 23] . It is interesting to note that the latter temperature is comparable to the onset frequency where Im χ(ω, T ) is suppressed.
In conclusion, competing collective groundstate excitations is a ubiquituous phenomenon in the manganites whose understanding is crucial in unraveling the wide tunability of their physical properties. Our observation of an unusual quasiparticle dynamics below T C in La 1G6U 0Q 2 
